The influence of a synthetic tanning material, sulphite cellulose, and sulphi ted extracts on the deterioration of leather, when used with chestnut and quebracho extracts for tanning, was studied. Leathers tanned with the aid of these materials were treated with varying amounts of sulphu"ic acid and aged under controlled conditions of temperature and relative humidity. D eterioration was determined by measuring the change in tensile strength after 6, 12, 18, and 24 months. The amo unt of extractable nitfLlgen was also determined for the samples aged for 24 months. The r esults show .ha~ deterioration as measured by tensile strength and chemical decomposition of the hide substance is a function of the pH value of a water extract of the sample rather than the acid content of the leather as measured by the total sulphur or the Procter and Searle method .
I. INTRODUCTION
The development and increased use of materials containing sulphur in the production of vegetable-tanned leather has logically led to an investigation of the effects of these materials on the deterioration of the leather, as a function of the acidity, during storage.
Any of the direct analytical methods in use fo r evaluating the acidity are of doubtful value when applied to leather tanned with ma; terials containing organic sulphur compounds.
In previous work 1 at the National Bureau of Standards on the effect of acid on different leathers during storage, the deterioration h as been expressed both as functions of the added sulphuric acid and of the pH value of an aqueous extract of the leather. It was also shown 2 that the amount of added sulphuric acid which would cause serious deterioration in 2 years varied from 0.3 to 1.8 percent for the different leathers, and that the pH of the leather extract h ad a more definite relation to the loss in strength than did the acid content.
The sulphur-containing substances selected for study in this report were synthetic tanning materials, sulphited quebracho extract, and [Vol . 15 sulphite cellulose extract. These products are commonly used in the manufacture of both heavy and light leathers.
II. MATERIALS AND METHODS
The leather used in this work was prepared in the experimental tannery at the National Bureau of Standards from green-salted steer hides and consisted of the following lots; lot 21 (chestnut extract and syntan); lot 22 (quebracho extract and syntan); lot 27 (sulphited quebracho extract); lot 28 (chestnut extract and syntan); lot 29 quebracho extract and syntan); lot 30 (chestnut extract and sulphite cellulose); and lo t 31 (quebmcho extract and sulphite cellulose). Lots 21 and 22 were tanned with a blend consisting of 25 lb of syntan of 21 0 Be to 75 lb of the liquid vegetable extracts containing 25 percent of tannin. This is a larger proportion of syntan than is normally used in the production of heavy leather, but was used to assure a high Procter and Searle value. Lot 27 was tanned with sulphited quebracho extract and the pH of the liquors was maintained at approximately 4 by the use of acetic acid. Lots 28 and 29 were tanned with a blend similar to that used for lots 21 and 22, except that the proportion was 10 lb of syntan to 90 lb of liquid vegetable extract. Lot 30 was tanned with a blend consisting of 75 percent of chestnut extract and 25 percent of sulphite-cellulose extract. Lot 31 was similar to lot 30, except that quebracho was used instead of the chestnut extract. The chemical analyses of these leathers before aging are given in table 1. The different lots of leather were divided into 4 groups for acid treatment and aging. The original tensile strength of the leather was determined by the average of 2 specimens cut from each block. The leather was then treated with acid, air dried, and after conditioning at 65-percent relative humidity, and tensile strengths of 2 more specimens from each block were measured to determine the immediate effect of the treatment. The blocks containing no added acid, used for determining the normal aging of the leather, were treated with water. The method of sampling was similar to that described by Bowker, Wallace, and Kanagy in their report on the influence of magnesium sulphate on the deterioration of vegetabletanned leather by sulphuric acid. 3 The original pH values and sulphuric-acid c(mtent of the different lots of leathers are given in table 2. The amount of acid added was determined by the difference between the calculated amount of acid in the original sample and in the sample after treatment. The acid was determined by the following methods: Modified Procter and Searle; complete combustion of the sample in an oxygen bomb and a subsequent gravimetric determination of the sulphates in the bomb washings; and by oxidation of the sample with nitric acid and a gravimetric determination of the sulphates formed.
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It is shown in t able 2 that the agreement between the bomb and the nitric-acid methods is close for the calculated amount of acid added to the samples, but that the acid calculated from the total sulphur in the sample before treatment is much higher by the bomb method. This indicates that certain sulphur compounds in these leathers are resistant to oxidation by the nitric-acid treatment.
III. RESULTS AND DISCUSSION
The results for the tensile strength determinations for the different leathers and aging periods are given in table 3. - Lots 21 and 22 were aged at 70° F and at 55-and 85-percent r elative humidities. The remaining lots were aged at 70° F and 55-percent r elative humidity.
The normal aging for the leathers containing no added acid is shown for the different leathers and aging periods in table 3. The average loss in tensile strength for lot 21, chestnut-syntan leather, containing no added acid is, for the 2-year aging period, approximately 9 percent. The average loss in tensile strength for a 2-year aging period of 3 lo ts of strai~ht chesnut-tanned leather previously reported,4 5 6 was approximately 9 percent. This indicates that the large percentage of syn tan used in the tanning liquors and the resulting high Procter and Searle value of 1.70 percent had no appreciable influence on the loss in tensile strength of the leather containing no added acid over an aging period of 2 years. The chestnut-syntan leather in lot 28, containing no added acid, showed less than a normal deterioration in strength, and the chestnut-sulphite cellulose leathers in lot 30 were stronger at the end of the 2-year period. The quebracho leathers containing syntan and sulphite cellulose and the sulphited quebracho leathers appear to have aged normally when compared with previous lots of these leathers tanned without the use of sulphur-containing materials. As shown in table 3, in all cases there was a loss in tensile strength immediately after treatment of the samples with acid when compared with the samples treated with water for control. This loss in strength is considered in the final results as a part of the total d eterioration.
The results for the deterioration of the leathers for the 2-year aging period as a function of the original pH are given in figures 1 to 3, inclusive. The percentage change in tensile strength has been corrected for the loss in strength of the control samples containing no added acid, so that the points in the graphs represent the deterioration caused by the acid.
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• J . Am. Leather Chern. Assn. 3D, 91 (1935) . 'J. Research NBS 15, 73 (1935) similar leathers stored at 55-percent relative humidity. This is particularly noticeable with the leathers having a low pH value. The chestnut leathers at the lower pH values show a much greater deterioration than the quebracho leathers at the same pH.
In figure 2 , lot 31, the point representing the p ercentage loss in tensile strength for the quebracho leather having a pH value of 2.3 is doubtful, probfLbly bee, use of 11 variation in tho uniformity of this group of sampies, sinco it is hown in table 2 that ther e was a much greater loss ill strength for th e 18-month period than for the 24-month period. -<fit
.'
• figure 4 as a function of the pH value of a water extract of the samples. The total nitrogen extracted was determined by the method used by Frey and Clarke in their work on the decay of bookbinding leathers.7 The results have been correct~d for the amount of nitrogen extracted from the leather containing no added acid and aged under similar storage conditions. Some of these leathers show a decided difference in the amount of nitrogen extracted at the lower pH values, but the results definitely show that above a pH value of approximately 3 there was no appreciable decomposition of the hide substance during the 2-year period of the test. It will be observed that a parallelism e}..ists between the percentage change in tensile strength of the different leathers , and the chemical decomposition of these leathers (fig. 4 , graphs A and B) as a function of the original pH value.
IV. SUMMARY
The results of this work may be summarized as follows : l. The use of synthetic tanning material, sulphite cellulose, and sulphited extracts in conjunction with vegetable tannins did not cause any appreciable deterioration of the leather.
2. Deterioration as measured by loss in tensile strength or by extractable nitrogen started at or near pH 3 regardless of the amount of acid in the leather shown by the Procter and Searle or the total sulphur methods.
3. Below pH 3 the deterioration was much greater for leathers containing chestnut extract than for leathers containing quebracho extract.
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